This study was designed to evaluate the healing process of tracheal cartilage defect after implantation of two different biomaterials in dogs. Eighteen adult dogs from both sexes were used. They were divided into 2 equal groups. A window shape defect of about 3cm x 2cm was induced in the cervical part of three adjacent tracheal rings with their annular ligaments. In group one, the defect was closed with a small strip of ear cartilage (auto graft) from the same animal, while in the second group, calf's pericardium scaffold (xeno graft) was used to close the defect. All the animals were clinically monitored postoperatively, while gross pathological changes and biopsy collections for all animals was performed at 15, 30, 60 postoperative days. No postoperative clinical complications were recorded and all were looking healthy and resuming food and water intake normally. The gross pathological results revealed rapid occlusion to the trachea especially in first group and animals survived without any respiratory complications. The histological features in both groups were represented by newly granulation tissue formation and hyaline cartilage regeneration. The new hyaline cartilage cells formation was showed faster in group 1 rather than group 2. In conclusion, both grafts can be used for closing a tracheal defect in dogs with the priority of ear cartilage implantation.
Introduction
Trachea is a flexible, non-collapsed, tubular organ extended from the larynx to its bifurcations. It consists of 35-45 semicircular or C-shaped hyaline cartilages which are linked to each by the annular ligaments which are fibro elastic in nature that make the trachea adaptable with cervical movement (1) (2) (3) . Injury of trachea may be high risky, so surgical intervention is considered as the treatment of choice (4) (5) (6) . Minor wounds of trachea can be treated by suturing but if it is associated with necrosis or infection, it should be debrided with local and systemic antibiotic therapy application (7) . The restoration of large tracheal defects considered a challenging problem in tracheal surgery (8) (9) (10) . Prosthetic tracheal repair is difficult and associated with complications as long as the prosthesis is not incorporated by the host (11) . Factors that reducing the successfulness of tracheal surgery and retarded healing are poor blood supply, rigidity of the cartilaginous rings and difficulty in apposition of wound edges (12) . Excision of more tracheal segments usually needs the application of artificial materials or autogenous tissues for repairing (13) . Transplantation of biological scaffolds has been used by surgeons with a variable result (14) (15) (16) . Reconstruction of cartilage defects by using cartilage graft considered a regular challenge for surgeons. To repair a cartilage defect, autologous cartilage is preferable choice to prevent the risk of diseases transmission and to avoid immunologic reactions. Rib or pinna cartilage is commonly used (17) (18) (19) . In experimental study on beagle dogs a tracheal reconstruction with the use of external ear canal autografts was concluded a moderate success. There were no serious complications or loss of a physiologic airway (20) . The pericardium has been widely used as a biomaterial tissue or biopsy theses applied, for construction of a variety of tissues such as vascular grafts, patches for abdominal or vaginal wall repair and heart valves (21) . Pericardium also reported to be also used to correction of congenital tracheal and esophageal stenosis (22, 23) . Additionally, pericardium in combination with polytetrafluorethylene have been used for sealing of cut surface in lobectomy of the lung (24), as well as pericardial flaps combined with marlex mesh have been also used for tracheal repair (25) . The aim of this research is to study the efficiency of ear cartilage and bovine pericardium scaffold as a biomaterial implants for repairing tracheal defect in dogs.
Materials and methods
Eighteen local breed adult dogs from both sexes were used, which were divided into 2 equal groups. All operations were conducted under general anesthesia by I.M. injection a mixture of ketamine HCL at 15 mg/kg and xylazine 2% at 5mg/kg B.W. In both groups intubation of the trachea was carried. Incision of about 10 cm was made though skin and subcutaneous tissue between the middle and last 3 rd of the ventral aspect of the neck, the sternohayoidous muscles were bluntly dissected to locate the trachea (Figure 1) . A window like defect about (3cm x 2cm) was induced in the trachea (Figure 2 ). In group one, the defect was closed by tacking apiece or strip of cartilage that sacrificed from the ear of the animal (autologous graft). Ear flap cartilage has been extracted by careful dissection of the firmly contact skin, and directly kept in normal saline that containing antibiotic (penicillinstreptomycin) until the completion of suturing and dressing of the sacrificed ear flap (Figure 3 ). Then the sacrificed cartilage was implanted on the tracheal defect and fixed with few simple interrupted stitches using 3/0 nylon suture ( Figure 4 ).The endotracheal tube was removed from the trachea, then muscles and skin was closed. In group two, the tracheal defect was closed by a pericardium scaffold (xenograft) which was obtained from newly slaughtered calves. The collected pericardium was preserved in sterile normal saline with antibiotic (same as used for ear cartilage) until it prepares the trachea for implantation. A suitable piece from the scaffold was trimmed from the pericardium ( Figure 5 ), and was applied on the defect with its smooth surface facing the lumen of the trachea and then fixed to the defect by the same manner used for fixation of ear cartilage ( Figure 6 ). Finally, the surgical wound was closed. The experimental animals were received antibiotics injection (penicillin streptomycin in a dose 10,000 I.U. /kg B.W. penicillin and 10mg /kg B.W. streptomycin) for 3 days by I.M. route. Assessment and evaluation of grafting results was depended on the clinical observations and gross pathological changes and biopsy collection for histopathological interpretation were performed in both groups at 15, 30, 60 postoperative day on 3 animals from each group in the suggested times.
The biopsies were fixed in 10 % buffered formalin solution, then processed and stained with routine Harris hematoxylin and eosin (HE) as well as Masson' s trichrome stain (MT) as a special stain.
Results
In all experimental animals, there was slight swelling at the surgical site which was gradually subsided within a few days after surgical operation. No signs of respiratory obstruction or respiratory distress were noticed. The animals were resuming food and water intake normally. The only problem in group one was the asymmetry appearance between the two ears resulted from scarification of one ear flap causing cosmetic disturbance of the animal.
Gross pathological findings
In group one, adhesion was developed between the implanted cartilage and the surrounding tissues on 15 postoperative days then it was gradually diminished at 30 and 60 postoperative day. The gross inspection after 60 days showed a perfect fusion between the implanted cartilage and the outer surface of the trachea which indicates a complete sealing of the induced defect ( Figure  7) , while the mucosal surface of the implanted cartilage revealed presence of a depression between the trachea and the implanted cartilage (Figure 8 ), this depression relatively disappeared after 30 day, but still exists (Figure 9 ), and completely disappeared after 60 days ( Figure 10 ). No tracheal stenosis or any excessive tissue growth in the mucosal surface at the site of implantation was recorded. In second group, adhesions were seen between the pericardium scaffold and surrounding tissue on 15 postoperative day which were diminished gradually after 30 and 60 postoperative days respectively. The gross examination shows a good interwoven between the implanted pericardium scaffold and the outer surface of the trachea at the site of implantation (Figure11). Like in group one, a depression was noticed on the mucosal surface of the trachea in the site of implantation on 15 post-operative day (Figure 12 ), then slightly reduced after 30 days ( Figure 13 ), and completely vanished on 60 postoperative day ( Figure  14 ). Also, no stenosis or any abnormal or tissue over growth was noticed in the tracheal canal. 
Histopathological findings
In group one, after 15 th postoperative day, the histological features were reveled disappearance of ciliary surface of epithelial layer of trachea, degeneration and necrosis of epithelial cells was observed ( Figure 15 ). Thickening of mucosal layer as a result of infiltration of lymphocyte and fibrosis ( Figure 16 ). Also, there were cartilage necrosis with infiltration of inflammatory cells beneath it (Figure 17 ). There were inflammatory cells located in the outer layer of trachea and new granulation tissue formation. Around the implantation of ear cartilage, area of new cartilage formation was showed also ( Figure  18 ). Staining with Masson's trichrome was reveled pronounced proliferation and maturation of collagen fibers. At 30 postoperative day, the epithelial ciliary surface was disappeared. Area of necrosis of chondrocytes of tracheal cartilage was observed. Additionally, there was connective tissue with new angiogenesis surrounding the inserted cartilage ( Figure 19 ). Also, by Masson's trichrome there was sever maturation of collagen fibers (Figure 20) . At 60 postoperative day, the sub mucosal layer of hyaline cartilage was disappeared with disappearance of epithelial lining of mucosal layer. Good fusion of ear cartilage by mature connective tissue which composed of fibroblast, collagen fibers, and newly blood vessels and no inflammatory reaction was observed ( Figure 21 ). Also, there was new cartilage formation ( Figure 22 ). In second group at 15 postoperative days, the histological features were reveled new granulation tissue formation ( Figure 23 ) with high infiltration of inflammatory cells (Figure 24 ). Some sections were showed disappearance of ciliary surface of epithelial layer of trachea, degeneration and necrosis of epithelial cells was observed. There was highly vascularization with a moderate inflammatory response within the connective tissue ( Figure  25 ). Sever changes of new capillaries was observed. There was strong impact or connection of pericardium with trachea was showed. By Masson's trichrome there was sever proliferation and maturation of collagen fibers. At 30 postoperative day, there were presence of dense connective tissue that connect pericardium to under lying tissue of trachea (Figure 26 ), new cartilage formation was also showed. Collagen organization and fibrils of collagen was observed ( Figure 27 ). Also, chronic inflammatory process was present which characterized by infiltration of mononuclear cells around and within connective tissue. Area of necrosis of chondrocytes of tracheal cartilage was observed. By Masson's trichrome there was increasing in severity of maturation of collagen fibers (Figure 28 ). At 60 postoperative day, the chronic granulomatous process was developed and characterized by infiltration of mono nuclear cells (lymphocytes, macrophages and plasma cells ( Figure  29 ). Also, there was a mature connective tissue with observation of a new cartilage growth (Figure 30 ). 
Discussion
In group one the tracheal defect was completely sealed without interference with the intra-tracheal air flow by overgrowth of granulation tissue. This feature: indicated the success of repairing the tracheal defect with ear cartilage without any complications. This finding resemble to Athar et al. (26) who suggested that growth factors such as IGF-I might play a role in cartilage wound healing and repair during trauma to articular cartilage although the capacity of cartilage wound healing is generally considered to be poor. In group two the use of pericardium to close the tracheal defects also showed up a good result that might be attributed to the authors conclusion (27) (28) (29) that bovine pericardium (BP) rich in collagen containing commonly type-I, as well as glycosaminoglycans (GAGs) and glycoproteins, growth factors, cytokines and chemokines. Our results were matching the conclusion found by Todros et al. (30) that tracheal rupture was successfully repaired lumen by suturing a free pericardial patch at the edges of tracheal rupture in combination with BioGlue on the outer patch surface and by covering tracheal repair with a pedicled serratus anterior muscle flap.
Emphysema wasn't developed post-operatively in both group which indicates the perfect sealing the defect by the biomaterial tissues. In both groups, adhesion was developed between grafting area and surrounding tissues as a result of inflammatory response to tissue injury and materials grafting (31) .
The implantation of a foreign material into the body will face one of the three reactions: (i) lysis, (ii) inclusion and (iii) rejection (32) . In group two, the excellent fusion of bovine pericardium membrane with trachea was showed due to ability of pericardium tissue for stretching and enfolding around the wound. Bovine pericardium. is considered as one of the most suitable choices for barrier material in guided tissue regeneration procedures (33) . In group one, the repaired tracheal defects with autologous ear cartilage produced perfect results through the perfect inclusion of the implanted cartilage with the tracheal tissue and this was in agreement with the results of other studies (34, 35) that found the repair of larger defects is necessary to use cartilage implants and this has been investigated primarily for use in laryngotracheal reconstruction (LTR) after stenosis.
In both groups there were infiltration of monocular inflammatory cells (lymphocyte, macrophage and plasma cells). These features were resembled to Gilbert et al. (36) that such prosthetic materials may lead to allergic reaction and infection that cause to infiltration of mononuclear inflammatory cells. The infiltration was higher in tracheal grafting with pericardium due to the sever defense mechanism that produced from the tissue of animal therefore the pericardium was treated with some agents previous to operation or implantation to reduce the cellular antigenicity (decellularization) of it to reduce the host immune tissue response (37) . Also, if acute inflammatory reaction is unable to eliminate the injurious agent or return injured tissue to its normal physiological state, the condition could change into a of chronic inflammation (38) .
The occurrence of necrosis and degeneration of tracheal cartilage in some area of the site of cutting may be due to ischemia that result from interruption of blood supply and innervations during removal tracheal segment. The developmental of epithelium of tracheal mucosa was not shown and this is regarded the major problems in tracheal prosthesis (39, 40) . New cartilage formation was showed in both groups these findings reveled the ability to use ear cartilage and scaffold calve pericardium to repair the tracheal defect. the pericardium evokes to formed a new cartilage as this biomaterial grafts (bovine pericardium) act as a regenerative framework that supports remodeling and new collagen deposition. (41) , also it contain a growth factors (27) (28) (29) . The cartilage regeneration in group one was faster than that in group 2 and this is in agreement with other studies (42, 43 ) that grafting of newly engineered autologous cartilage containing less differentiated chondrocytes and demonstrating collagen type II, appeared to be capable of complete re-union with the original cartilage fragments, when accurately fixed to the host cartilage. In conclusion, this study approved the ability of using pericardium and ear cartilage grafts for repairing tracheal defect successfully particularly that of ear cartilage graft.
